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Abstract  
This article is devoted to the use of low – voltage supply in the “Smart house” lighting system. This paper considers 
the low-voltage system of lighting power supply with a possibility of integration with alternative energy sources 
without additional devices, such as voltage converters and generators. 
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Introduction 
At the moment most countries use lighting systems with high-voltage power supply - 220, 110 volts. At the same 
time, development of new technologies in the field of alternative energy and production of highly-efficient reliable 
LED crystals with increased capacity gives the possibility of changing the old approach of organizing the lighting of 
the building. 
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In Kazakhstan, production and sale of 100W and above electric incandescent lamps are under a ban introduced 
from the 1st of July, 2012; 75W and above - from the 1st of January, 2013 and 25W light bulbs are recycled from 
the 1st of January 2014. The forecast of McKinzey consulting company - in 2015 LEDs will replace the traditional 
incandescent and luminescent lamps, occupying 50% of the market in money terms and in 2020 - 90% of the market 
in money terms and 75-80% in real terms. 
Low-voltage power supply systems are mainly used for lighting and illumination of mirrors, bookshelves, 
portraits, photographs, as well as for landscape lighting, buildings and gardens. The proposed low-voltage power 
supply of 24 volts allows switching to LED lighting with the integration of renewable energy renewable energy 
sources (RES) [1-12]. 
The use of low-voltage power supplies is first of all due to the high reliability of performance that can 
significantly increase the life of the energy supply devices. Also the use of low-voltage power supply system 
increases electrical safety and fire safety of premises. 
 
1. Justification ofThe use of double-conversion of CURRENT 
 
Classic circuit for switching on LED in lighting device is shown in Fig. 1.  
 
 
Fig. 1. Typical circuit of an illumination device device: 1 – ac/dc converter (driver), 2 – LED, 3 – equivalent resistance of LED, 4 – circuit 
of an illumination. 
One of the elements of an illumination device is electric power supply 1 (ac/dc converter). Thus, in lighting the 
room with a LED lamp connected to the circuit with ac voltage 220V, there is the loss of power when converting 
voltage by the driver as its efficiency factor is not equal to 100%. 
With wide integration of alternative energy sources, particularly solar batteries or solar cells for the use in 
standard illumination devices it is necessary to convert the received direct current into alternating, Fig. 3. 
Typically, applying alternative energy sources, already available illumination devices are used, schematically 
presented in circuit form 4 in Figure 1. And for supplying alternating voltage 220V, converter 24-220V is installed. 
Thus, the general scheme of implementation of LED lighting system connection might be presented in the form of 
Fig. 2.  
 
 
Fig. 2. General scheme of implementation of LED lighting system connection: 1 – solar battery, 2 – converter, 3 – ac/dc converter, 4 – 
LED, 5 – illumination device. 
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Despite the insignificant efficiency factor of solar batteries, their application is effective due to the use of 
renewable energy source. However, in this scheme (see Fig. 2) there are two converters 2 and 3 position which 
introduce losses and electrical leak in the lighting system. The first converter 2 converts the direct current produced 
by the solar panels of 24V into operating voltage of 220V AC, and the second converter (ac/dc converter) 3 converts 
AC to DC from 220V voltage to 24V.  
To determine the efficiency of implementing double conversion of current we need to calculate efficiency factor 
of the system. 
 
2.  Calculation of efficiency of double conversion of current 
 
Conversion ratio (efficiency factor) of the converter is characterized by the ratio of active power, supplied to the 
load, to the total power consumed by the conversion device. 
 
2.1 Calculating of efficiency factor 
 
Efficiency factor characterizes system efficiency of any device with respect to power conversion or transmission. 
It is determined by the ratio of effective energy used to the total amount of energy received by the system. 
Efficiency factor is a dimensionless quantity and is often measured in percentage and denoted by Ș. The 
mathematical definition of efficiency factor can be written as: 
 
K $4u                                                                                                                    (1) 
 
where Ⱥ – effective power; Q – expended work. 
By energy conservation law, efficiency factor is always less than one or equal to it.  Let’s consider the general 
scheme of measuring the efficiency factor of the converter 2 and the converter 3 (ac/dc converter) in Figure 4. 
Supposing that up converter of the voltage is taken for the base. To the circuit disconnect of power supply we switch 
in the amperemeter Ⱥ1, and in parallel of the input of power supply - voltage converter voltmeter V1, indicated 
values of which are necessary for the calculation of power consumption Ɋ1 of the device and their load from the 
power supply. To the output of the voltage converter into the disconnect of load power supply we also switch in the 
amperemeter Ⱥ2 and voltmeter V2 which are necessary for the calculation of load power consumption Ɋ2 from the 
voltage converter. Then we switch on the device, measure the indicated values and calculate power Ɋ1 and Ɋ2 by the 
following formulae (2) and (3) correspondingly, [13-14]: 
 
Ɋ1=I1×U1                                                                                                                                    (2) 
 
Ɋ2=I2×U2                                                                                                                                                 (3) 
 
Efficiency factor of the converter Ș1 we determine be the formula (4): 
 
Ș1=(Ɋ2/Ɋ1)×100%                                                                                                                                    (4) 
 
This formula (4) defines the actual efficiency factor of the voltage converter.  
The power of the converter 3 (ac/dc converter) Figure 3, is determined by the following formulae (5), (6) 
correspondingly: 
 
Ɋ2=I2×U2                                                                                                                                                (5) 
 
Ɋ3=I3×U3                                                                                                                                                (6) 
 
Efficiency factor of the ac/dc converter Ș2 is determined by the formula (7): 
 
Ș2=(Ɋ3/Ɋ2)×100%                                                                                                                                  (7) 
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Summarized total efficiency factor ȈȘ of the converters can be defined by the formula: 
 
ȈȘ=Ș1×Ș2                                                                                                                                              (8) 
 
To study the effectiveness of a low-voltage power supply circuit based on the use of solar batteries, we carried 
out measuring operations for determining the efficiency factor of the converter 2 and the converter 3 (ac/dc 
converter) Figure 3. General scheme for measuring the efficiency factor of the system is shown in Fig. 3. 
 
 
Fig. 3. General scheme for measuring the efficiency factor of the system: 1 – solar battery, 2 – converter, 3 – ac/dc converter, 4 – LED, 
5 – illumination device. 
The values of currents and voltage measured according to the scheme 4 are listed in the table 1. 
   Table 1. Experimental values of currents and voltage 
I1, 
[Ⱥ] 
U1, 
[V] 
Ɋ1, 
[W] 
I2, 
[Ⱥ] 
U2, 
[V] 
Ɋ2, 
[W] 
I3, 
[Ⱥ] 
U3, 
[V] 
Ɋ3, 
[W] 
2,2 12,6 27,7 0,06 207 11,1 0,14 37,6 5,3 
 
Calculation data on the received experimental values are listed in the table 2. 
          Table 2. Calculation data on the received experimental values 
Ɋ1,  
[W] 
Ɋ2, 
[W] 
Ɋ3, 
[W] 
Ș1,  
[%] 
Ș2,  
[%] 
ȈȘ,  
[%] 
27,7 11,1 5,3 40 47,8 20 
 
As a result of carried out study and calculations, the efficiency factor of the converter 2 Figure 4 is 40,1%, the 
efficiency factor of the converter 3 Figure 4 is 48%. Summarized efficiency factor is 20%. This shows a very low 
efficiency of application of this scheme. 
 
2.2 The usage of solar batteries 
 
The usage of solar batteries and system without current converters (Fig. 4) has a great perspective. 
 
 
Fig. 4. LED illuminator connection scheme without using current converters: 1 – solar battery, 2 – current stabilizer, 3 – LED. 
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Figure 5 shows the scheme of low voltage lighting connection on the basis of LEDs without voltage converters. 
This scheme is relevant in that the voltage of energies worked out with the solar battery allows using LEDs of high 
power without conversion of energy, which in turn increases the efficiency factor of the system. 
For stabilizing direct current a self-made driver on the basis of microcircuit ɊɌ4115 was used, its typical scheme 
is presented in Fig. 5, and the photo of this model is shown in Fig. 6. 
 
 
Fig. 5. Scheme of current stabilization. 
 
Fig. 6. Self-made current stabilizer. 
For energy-storage and provision of stable operation of the scheme in Figure 8 there installed an additional 
accumulator 4 and controller 2, providing optimal charge of the energy and desired voltage for the work of low 
voltage system of lighting, Fig. 7. 
 
Fig. 7. Scheme of low voltage system of lighting using energy storage unit: 1 – solar battery, 2 – controller, 3 – low voltage 
illumination device, 4 – accumulator. 
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Direct current is supplied from the solar battery 1 in Figure 7 to the controller 2, which provides an uninterrupted 
supply of electrical power to the low-voltage lighting system simultaneously charging the accumulator 4. 
Testing of the system showed its full working efficiency. The system operated autonomously within seven days, 
while its energy consumption for lighting was only 10% of the generated by solar panels energy, that is, you can still 
add a load equivalent to 100 watts of electrical energy. 
One of the problems of integrating low voltage system is adapting of available electrical wires interconnection 
used for the voltage of 220V to the voltage of 24V. The problem is related to the increase in electric current intensity 
that results the increase in lighting cable heating up (raise of temperature).  
For integration of low voltage system we calculated the necessary wire section while using low voltage LED 
lamps. 
 
2.3 Calculation cross-section area  
 
For calculations there were used copper wires, with electrical resistivity 0,0175 Ohm×mm2/m, [13-14]. 
Wire resistance, Ohm, is defined by the formula: 
 
 R=ȡ×(l/S),                                                                                                                                  (9) 
 
where ȡ – electrical resistivity of a wire, Ohm×mm2/m; l – length of a conductor, m; S – its cross-section area, 
mm2. 
 
Cross-section area is determined by the formula: 
 
S=ȡ×(l/R).                                                                                                                       (10) 
 
Current line in the cable is determined by the formula: 
  
I=Ɋ/U,                                                                                                                                                        (11) 
 
where Ɋ – power consumed by the load, W; U – line voltage in the cable, V. 
 
To determine the coincidence of existing copper wires with the new low-voltage system we determine the cross 
section of the existing wire (results are shown in the table 3). 
              Table 3. Calculation data of existing wire cross-section  
Ɋ, W U, V I, Ⱥ S, mm2 
1000 220 4,54 2,5 
 
Required wire section for low voltage system is shown in the table 4. 
            Table 4. Calculation data of wire section for low voltage system 
Ɋ, W U, V I, Ⱥ S, mm2 
400 24     16,7 2,5 
 
Conclusions 
Thus, using low voltage system due to higher energy efficiency and higher efficiency factor of the system and the 
absence of two converters (Fig. 6) with available wire section of high lighting system with voltage 220V, we can use 
wires in the system which size is not less than 2.5 mm2. At the same time changing incandescent light bulbs for LED 
lamps does not require rewiring the entire system. 
With integration of low voltage system due to the results presented in the tables 3 and 4 there is no need in 
changing existing wires. 
The considered variants of using alternative energy sources for lighting system show that tradition ways of their 
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application are not effective. Double conversion of current makes the system inviable, its efficiency factor do not to 
exceed 20%. It was demonstrated that application of non-traditional lighting system with the voltage 24V without 
conversion of electrical energy is more effective and less traumatic. It was also shown that at the expense of 
application energy-efficient lighting system it is allowed to use existing electrical wiring with no risk of overheat 
problem. 
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